Abstract
(BVR) have become the most popular solution since they were first introduced in the 80's.
However, even the BVR have performance litations due to the nonlinear temperature variation of its output voltage. The temperature variation of the BVR output voltage is illustrated in Fig. 1 where the deviation in output voltage due to the "curvature" over the temperature range from 2OC to lOOC is typically around 35 ppm even for a basic well-designed reference. This deviation is too large for many applications.
Several approaches [3] , [5] , [6] have been proposed to correct the curvature of the BVR output voltage (VREF). The proposed solutions attempt to cancel the nonlinear components of VREF using continuous and differentiable higher-order temperature terms. These correction terms are either difficult to generate or unsuitable for standard CMOS process [3] , [6] . Moreover, these solution are sensitive to process variations because of the need to closely match the nonlinear coefficients of opposite signs in order to have decent cancellation [5], [6] . In this paper, a curvature compensation alternative that does not utilize continuous and differential nonlinear cancellation is presented. 
K is chosen to cancel the first order temperature variation of VBE. In the implementation of this paper, a switche& capacitor circuit as depicted in Fig. 3 was used to perform the weighted addition of (4).
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Fig. 4 Switched-capacitor circuit that performs weighted addition
If it is assumed that WJcO=T/To a and that value of K is chosen to cancel the first-order temperature, (4) can be expanded and
The second term in (5) The assumed relationship of JJJco=T/To [2] can be readily realized at the circuit level. This relationship suggests that To is adjustable through changing the DC bias current of the BVR circuit. Assume that the circuit in Fig. 2 is designed to operate with a reference temperature at Toi when the temperature range is between TL and TM as illustrated in Fig. 4 .
When the temperature range gets above TM, the BVR circuit will be calibrated such that it will now operate with a reference temperature at Toii. Overall, the BVR with adaptive TO has a twc-segment VREF curve designated by VIA and VIS m Fig. 4 . With the segmented correction, the maximum error caused by the curvature is Error,. This can be contrasted to the conventional BVR that is referenced to temperature TM and has the VREF curve of V2 as depicted in Fig. 4 
IV. CIRCUIT IMPLEMENTATION
Consider the circuit in Fig. 6 , which is a slight modification from the circuit in Fig. 2 labeled VmFl in Fig. 7a . Likewise, if the temperature is in the second quadrant, S is open and S, is closed to increase the effective resistance RI. This action has the net effect of increasing the current flowing through the BJT pair. By doing so, the reference temperature of the BVR circuit is shifted from To, to To, and so on. In order to align the peak values of the four VRE, curves of different to realize a flat VREF, DC level adjustment is required, as indicated in Fig. 7b . This is realized through sizing the feedback capacitor dynamically in the switched-capacitor circuit depicted in Fig.  3 . 
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VII. CONCLUSION
A BVR curvature compensation scheme using an adaptive reference temperature circuit has been presented. This technique is easy to implement and trim in contrast to conventional continuous and differentiable curvature compensation techniques.
